Near equatorial peak diversities are a prominent first-order feature of today's 7 latitudinal diversity gradient (LDG), but were not a persistent pattern throughout 8 geological time. In an analysis of Ordovician (485-445 Ma) fossil occurrences, an 9 equator-ward shift of the latitudinal diversity peak can be detected. A modern-type LDG 10
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zone, an Ordovician LDG trend becomes apparent, the most important features of which 117
are an Early to Middle Ordovician (Tremadocian-Darriwilian) peak at the 15-45° zone, a 118
Late Ordovician (Sandbian-Katian) change toward higher tropical diversities with a peak 119 at 0-30°, and again a 15-30°-zone peak during the terminal Ordovician (Hirnantian) (Fig.  120 2; Fig. DR4 ). Notably, the Darriwilian marks not only the climax of the diversification, 121 but also a major pattern shift in Ordovician LDGs toward maximum values in the tropics. 122 LDG trends are an effect of changes in evolutionary rates and dispersal (seePublisher: GSA Journal: GEOL: Geology DOI:https://doi.org/10.1130/G39587.1 However, the habitat heterogeneity trends estimated herein are not related to the diversity 163 pattern and generally the heterogeneity is not higher in the tropics (Fig. DR5 ). Because it 164 is currently not known if regional differentiation was more intense in the tropics during 165 the GOBE, these two factors, although not in conflict, cannot explain the LDG pattern 166 detected herein. 167
Alternatively, geographic differentiation can be more generally conceptualized as 168 ecological niche differentiation, including biologically-induced niche differentiation 169 (sensu Sepkoski, 1988) . With this more general conceptualization it is possible to set the 170 GOBE into context with the temperature and evolutionary speed (TES) hypotheses of 171 e.g., Allen et al. (2002) , Clarke and Gaston (2006) , and Brown (2014), which link 172 ecological and evolutionary rates with temperature and predict highest diversities in the 173 tropics. Generally, the Ordovician diversity trend is contrary to naive expectations from 174 TES hypotheses, because they would predict decreasing ecological and evolutionary 175 rates, and diversities and flattened LDG amplitudes under climatic cooling (Tittensor et 176 al., 2010; Brown, 2014; Tittensor and Worm, 2016) . This mismatch, however, can be best 177 explained by the existing range limits of the published diversity-temperature 178 dependencies. All published TES hypotheses are based on empirically observed positive 179 diversity-temperature dependencies. These dependencies are constrained by Recent sea 180 surface temperatures with a maximum of ~30 °C (e.g., Brown, 2014) . Estimated Early 
